Pre-AP Chemistry
September 4, 2011

11. Periodic Table Il




Review

 Many elemental properties follow periodic trends across the rows and
columns of the Periodic Table

e Atomic radii increase going down and to the left on the Periodic Table
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What is responsible for the increase in atomic radii in a row? In a column?




Review

* Place the following elements in order of increasing atomic radii:

Mg Na Ne F O




Review

 Whatis the electron configuration for each atom after ...
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These ions and atoms are all isoelectronic.

[Ne]3s”
-2e

Mg?*
[ Ne]

Today we will learn trends in their (ionic) radii and reactivity.
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Periodic Table

e Special Groups: What properties do the elements in each have in common?
What is the origin of these common properties?
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Electron configuration!
Chemistry IS the transfer of electrons between atomes.




Periodic Table

e Atoms and ions with full valence shells are the most stable
(have the lowest energy)

 Atoms transfer or share valence electrons in order to fill their
valence shells
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Noble Gases

* Noble gases are extremely stable because their electrons
completely fill their outermost shell
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Noble Gases

* Noble gases are also called inert gases, since they are so stable
that they don’t react with many other elements
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Alkali Metals

Alkali metals have one more electron than noble gases

To attain a stable, noble-gas electron configuration, alkali
metals lose 1 electron to become +1 cations
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Alkali Metals

Alkali metals have one more electron than noble gases

To attain a stable, noble-gas electron configuration, alkali metals lose 1
electron to become +1 cations

'.rl‘-; t2
1
H
l'I3n l..lﬂlun |
Li | P~
mE ",;i:;*'m
Na |l
B
K | (
1";.7“ <5
Rb | !
vs-'»'sl\ U
Cs |
"'37“
Fr ||
*Lanthai
**Actini

-le

llllllll

Taoon T
HikdE: | ] |
D m Al m

L| [He]2s'

-le

> Lit* [me

Na [Ne]3s'

-le

> Nalt Ne]

K  [4r]4s
-le

> K 4

Rb [k]5s

-le

> Rbl* | K7

Cs [Xel6s

> Cslt [ Xe

|AC| lh|Pa| U |Np Pu|Am|Cm BK| Crt | l:s||-m|Md|No|
__en | zeor | oz | 2 |_tz7 ey | pey | pen | pe s | e [z57] [255 253

A7) )

Boortne
9

oy




Special Groups
Salts
lonic Radii

Special Groups

* Noble Gases
e Alkali Metals
* Halogens
Salts

lonic Radii

Outline




* Halogens have one fewer electron than noble gases

Halogens

* To attain a stable, noble-gas electron configuration, halogens
gain 1 electron to become -1 anions
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Halogens

Alkali metals have one more electron than noble gases

To attain a stable, noble-gas electron configuration, alkali metals lose 1

> F1-

electron to become +1 cations
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Other Atomic lons

Just like alkali metals and halogens, atoms of other elements lose or
gain electrons to gain noble-gas electron configurations

heliurm

hydrogen
1
1.0079
lithium beryllium
3 4
Li | Be
6.941 9.0122
sodium magnesium
11 12
22.990 24.305
potassium calcium
19 20
39.098 40.078
rubidium strontium
37 38
85468 87.62
caesium barium
55 56
132.91 137.33
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2
He
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B|C|N|O|F|Ne
10811 2011 114,007 15900 | 18998 20,180
aluminium slllcon phosphorus sullur ohlonne argon
13 14 15 16 17 18
Al | Si| P | S |CIl|Ar
26,982 28,086 40,974 22,065 45453 29.948
qallium darmanium arsenle salanium bromine krypton
3 32 33 34 35 36
Ga|Ge|As | Se | Br | Kr
(0,723 72,61 74,922 78.06 79,904 83,80
Inctium tin antimony tallurium lodine xanon
49 50 51 52 53 54
In |Sn|Sb|Te| | | Xe
114.82 118.71 121,76 127.60 126.90 121
thalliim lesad bisrmuth poloniurm astaline radon
81 82 83 84 85 86
TI | Pb| Bi | Po| At | Rn
204.38 207.2 208.98 [209] [210] [222]

? 2?22 7?2 10

-1 0

? 7?7 7

How many electrons do the
atoms in each group above
need to lose or gain to be like
noble gases?

Electrons lost / gained
lonic charge




Other Atomic lons

* Just like alkali metals and halogens, atoms of other elements lose or
gain electrons to gain noble-gas electron configurations

heliurm

hydrogen
1
1.0079
lithium beryllium
3 4
Li | Be
6.941 9.0122
sodium magnesium
11 12
22.990 24.305
potassium calcium
19 20
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rubidium strontium
37 38
85468 87.62
caesium barium
55 56
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49 50 51 52 53 54
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How many electrons do the
atoms in each group above
need to lose or gain to be like
noble gases?

Electrons lost / gained
lonic charge




Salts

Alkali metals give up an electron to become cations
Halogens accept an electron to become anions

Cations (positively charged ions) and anions (negatively charged
ions) attract each other strongly.




Salts

» Salts are crystalline solids of cations and anions




Salts

e Salts are very stable due to the strong attraction of cations and anions

Because they need to give up or
accept only one electron, alkali
metals and halogens are very
reactive.

Let’s see what happens when we
place a small amount of (some
alkali metal) in water ...

®cr| o[na
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Mini Quiz

Rank the following atoms in order of increasing atomic radius:

Ge O C Se

How many electrons will the following atoms lose or gain to
attain fully filled valence orbitals?

Na In Br Bi

What would the charges on the ions above after gaining or
losing electrons?




lonic Radii

 We measure the radii of ions by measuring atom-atom distances in
ionic solids (salts)

lonic Radius (CI) = 167 pm

lonic Radius (Na*) = 116 pm




Cationic Radii
* Electrons push other electrons farther from the nucleus

* Removing electrons from an atom makes the remaining
electrons move closer to the nucleus
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Anionic Radii
* Electrons push other electrons farther from the nucleus

* Adding electrons to an atom makes the remaining electrons
move farther from the nucleus

__________________

~ -

Atomic Radius =60 pm lonic Radius =126 pm
O 0=




lonic Radii — Periodic Trends

Just like alkali metals and halogens, atoms of other elements lose or
gain electrons to gain noble-gas electron configurations

hydrogen

1

H

1.0079

lithium beryllium

Li | Be

6.941 9.0122

hellurm

sodium magnesium
11 12
Na | Mg

22.990 24.305

potassium calcium

K | Ca

39.098 40.078

rubidium strontium
37 38
Rb | Sr
85468 87.62
caesium barium
55 56
Cs | Ba
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114,82 118.71 12176 127,60 126,90 121,29
thallitim lend bisrmuth poloniurm astaline radon
81 82 83 84 85 86
TI | Pb| Bi | Po| At | Rn
204.38 207.2 208.98 [209] [210] [222]

3 43 2
+3 +4 -3 -2

1 0
-1 0

Compared to neutral atom ...

t Positive Charge
l lonic Radius

t Negative Charge
t lonic Radius

Electrons lost / gained
lonic charge




lonic Radii — Periodic Trends

Because cations are smaller than neutral atoms and anions are larger
than neutral atoms, ionic radii follow a more complicated trend.

hyclrogaen hallum

H

1.00/a9 I
urm | QW aarbon nitrogen Oxygen
5 6 7

3
C|N

12.011 14,007

whlcon phospharis :

14
Si| P
28,086 20,974
aermanium WEenle

Cations Anions
lonic Radius lonic Radius
smaller than larger than

Atomic Radius Atomic Radius




lonic Radii — Periodic Trends

Rearranging the periodic table, we see that ionic radius approximately
increases going from the smallest 3+ cation (B 3+) to the largest 4-
anion (Pb 4-)

aarban nirogen

6 7
12.011 114,007 |
sliicon 1
14
Si| P
28,086 20,974
aermanium waenlo

Boryiiim |
4

ol N
e

Anions Cations

lonic Radius lonic Radius
larger than smaller than

Atomic Radius Atomic Radius




Isoelectronic Atoms and lons

Two atoms or ions with the same number of electrons are
isoelectronic

When comparing two isoelectronic atoms or ions, the one with
the greater positive charge has the smaller radius

When comparing two isoelectronic atoms or ions, the one with
the greater negative charge has the larger radius

hydrogen

2 HE R B a |lf:|ll'llll
I:I 2
1.0079 He

LR berlium boron carbon nitregen oxygen fhiorine v‘l.:-"- Inllll.l
® e A 4 5 6 7 8 9 10
Li Be|| B| C|N|O|F |Ne

6.941 9.0122
- — 10,611 12 011 14,00/ 14, 90¢ 18, ] (), 1850
SO";:"“ magl11»:2$-lum Aluminiuim lllcon” phe n'.éplli- IS i lllh!l : r:‘l"lh‘;lhl;' /‘lll]l i
13 14 15 16 17 18
° - Na Mg|| Al|Si| P| S |CI|Ar
22.990 24.305 26,082 20,086 30,974 32.065 45,462 30,048
potassium calcium qalim germaniam | arsenic salenium Bromine Krypton
19 20 31 32 33 34 35 36
K|Ca| Ga|Ge|As|Se|Br | Kr
39.098 40.078 69,723

7261 74,922 78,96 79,904 H3,80
Ano

( } + rubidium strontium inctium fin anfimany fallurium foding Xenon
. L I 37 38 49 50 51 52 53 54
Rb|Sr||In|Sn|{Sb|Te| I | Xe
127

85468 87.62 114.82 118,71 121,76 126,90 121,29
(

2/ .60 I
caesium barium thallitm lesnd bisrnuth polonium astaline tadon

Cs | Ba TI" Pb | Bi Rp At | Rn

132.91 137.33 207.2 208.98 [210] [222]




Mini Quiz
Place the following ions in order of increasing atomic radius

Mg2* Cl- p3- Na*

hydrogen

1 2 HE R B G |IH-|II-II"
o o o 2
Place the following ions and atom in H He
1.0079 I 1.0026
O rd e r Of Inh:i;m beryglum horon carbon nirogen oxygan e ‘h-)‘-m
L - B 5 6 7 8 9 10
. . . . [ €1 B[ C|N/|O]| F |Ne
INcreasin g atomic ra d IUS ool 1 901221 qoen | apon | oaaoor | amees | ieess | 20180
Saciuim magnesuim aluminium sllcon phosphorus sl chlorine argon
11 12 13 14 15 16 17 18
Na|Mg|| Al |Si| P | S |CI|Ar
22'99,’0 24'?’05 26,982 28,086 20,974 22,065 3465453 29.948
polassium calcium qalim germaniam | arsenic salenium Bromine Krypton
19 20 3 32 33 34 35 36
Kr Rb+ B i, K|Ca||Ga|Ge|As|Se| Br| Kr
r 39.098 40.078 69,723 72,61 74,922 78.96 79,904 13,80
rubidium strontium inclium fin anfimany foliurium lodine Xenon
37 38 49 50 51 52 53 54
Rb|Sr||In|Sn|{Sb|Te| I | Xe
85468 87.62 114.82 118,21 121,76 127,60 12600 121,29
caesium barium thallitm lesad bisrmuth polonium astaline tadorn
55 56 81 82 83 84 85 86
Cs|Ba|| Tl |Pb| Bi | Po| At | Rn
132.91 137.33 204.38 207.2 208.98 [209] [210] [222]




Summary

Atoms lose or gain electrons to attain filled outer shells
(noble-gas configurations)

Salts form from anionic and cationic atoms

lonic radii are larger (smaller) in anions (cations) than in
neutral atoms

Homework
TBD




